ABSTRACT Ca deposition by isolated matrix vesicles from fetal calf growth plate cartilage and by a deoxycholate extract from matrix vesicles that included their phosphatase was studied under defined in vitro conditions. Electron microscopy showed that after removal of deoxycholate and Iyophilization of the vesicle extract, new vesicles were reconstituted, often with multiple membrane layers. Both Investigations in various laboratories indicate that extracellular, submicroscopic matrix vesicles play a role in mineralization of cartilage (1-4), bone (5, 6), and teeth (7-10). Evidence supporting this conclusion is as follows: (i) matrix vesicles are preferentially located in the zone of incipient calcification in all of these tissues (1-10); (ii) the first recognizable deposits of crystalline hydroxyapatite have been identified in and on matrix vesicles (2, 4); (Mii) matrix vesicles contain abundant cation-binding phosphatidylserine (11, 12) which can serve as a calcium trap; and (iv) matrix vesicles contain ATPase, pyrophosphatase, and other phosphatases (13-15) which can promote mineralization by increasing local phosphate concentration (16, 17) and by hydrolyzing calcification inhibitors such as ATP or PPi (16) (17) (18) (19) (20) (21) (22) .
Investigations in various laboratories indicate that extracellular, submicroscopic matrix vesicles play a role in mineralization of cartilage (1) (2) (3) (4) , bone (5, 6) , and teeth (7) (8) (9) (10) . Evidence supporting this conclusion is as follows: (i) matrix vesicles are preferentially located in the zone of incipient calcification in all of these tissues (1-10); (ii) the first recognizable deposits of crystalline hydroxyapatite have been identified in and on matrix vesicles (2, 4) ; (Mii) matrix vesicles contain abundant cation-binding phosphatidylserine (11, 12) which can serve as a calcium trap; and (iv) matrix vesicles contain ATPase, pyrophosphatase, and other phosphatases (13) (14) (15) which can promote mineralization by increasing local phosphate concentration (16, 17) and by hydrolyzing calcification inhibitors such as ATP or PPi (16) (17) (18) (19) (20) (21) (22) .
In vitro mineralization by isolated rabbit matrix vesicles was reported by Ali and Evans (23) and subsequently confirmed by Felix and Fleisch (24) and by ourselves (22) . Our studies have also confirmed the observation by Ali (25) that rabbit vesicles hydrolyze various phosphate esters including ATP, ADP, AMP, and glucose 1-phosphate to support calcium deposition.
Realizing that species differences could exist, we began to study vesicles from another species, fetal calf, to confirm the presence of Ca2+-stimulated ATPase (22, 26) and to determine the ability of calf vesicles to deposit calcium in vitro. Unexpectedly, we found a difference between rabbit and fetal calf vesicles with respect to substrate specificity for calcification. Also, we found that a deoxycholate extract with phosphatase activity from either rabbit or calf vesicles was able to assume a vesicle-like structure and to stimulate calcium deposition. This paper reports details of these findings.
MATERIALS AND METHODS
Isolation of Matrix Vesicles. The isolation of matrix vesicles was modified from a previous method of Ali et al. (13) . Epiphyseal growth plates were removed aseptically, minced into 3-to 5-mm pieces, and then digested in a solution (10 ml/g tissue) containing 1000 units of crude collagenase per ml, 0.12 M NaCl, 0.01 M KCl, 1000 units of penicillin per ml, 1 mg of streptomycin per ml, and 0.02 M 2-f[tris(hydroxymethyl)-methyliaminojethanesulfonate (TES) buffer at pH 7.45. The digestion was carried out at 370 for 3 hr. In order to remove cells, nuclei, and mitochondria in one step, the digest was centrifuged in a Spinco SW 50.1 rotor at 30,000 X g for 10 mi, and the resulting precipitate was discarded. The vesicle-containing supernate was then spun at 300,000 X g for 20 min to sediment vesicles and this precipitate was washed once with 10 mM Tris-buffered saline at pH 7.6 (TBS), and reprecipitated at 300,000 X g for 20 The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (13) (Fig.  1A) . Needle-like hydroxyapatite crystals were rare within the (31, 32) that show a total value for nucleotides, nucleosides, and their bases (measured at 260 nm) of 1 mM. Therefore, it is likely that the physiological concentration of nucleoside triphosphate is probably below 1 mM, and we thought it was important to test the effect of lower concentrations of nucleosides. Significant calcium deposition was supported with ATP and GTP concentrations as low as 0.2 mM which is probably near the physiological level (Fig. 2) . Calcium deposition increased with increasing substrate concentration to 1 mM where maximal activity was observed. At 2.5 mM or above, both ATP and GTP inhibited calcium deposition, suggesting a dual effect with stimulation predominating at lower, near physiological, concentrations of ATP or GTP (32) . The inhibition of calcium deposition by high concentrations of ATP may reflect the operation of several factors including ATP substrate inhibition of vesicle ATPase (22) , a Ca2+-chelating effect of ATP, and inhibited formation of hydroxyapatite (19) . Fig. 2 also shows that added Mg2+ was not required for Ca deposition.
From the present data, we conclude that the mechanism of calcification in calf matrix vesicles requires not only nucleoside triphosphate substrate but also the concerted effect of interactions of nucleoside triphosphatase, cation-binding phospholipids, and probably the integral structure of matrix vesicles.
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